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(54) Self-aligned electrical interconnect for two assembled perpendicular semiconductor chips 



(57) A self-aligned electrical interconnect for two as- 
sembled perpendicular semiconductive chips is formed 
by a slot in a carrier chip having a notch with a metal 




trace. The other device chip is perpendicularly placed 
in the slot and has a matching metal trace. The chips 
are then bonded together by the traces to provide for 
fine perpendicular alignment of the assembled chips. 
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Description 
INTRODUCTION 

[0001] The present invention is directed to a setf- 
aligned electrical interconnect for two assembled per- 
pendicular semiconductor chips and, more specifically, 
where such assembly is used in a photonic switch ap- 
plication such as an NxN switching matrix. 

BACKGROUND OF THE INVENTION 

[0002] As disclosed in a co-pending application enti- 
tled FIBER OPTIC SWITCH USING MEMS (micro elec- 
tromechanical system), filed February 15, 2000, Serial 
No. 090/504,632, because of the great demand for data 
centric services brought on by the explosive growth of 
the Internet, there is a need for ail optical switching net- 
works. Such network applications require switching ma- 
trices from 8 x 8 to 1024 x 1024. The above pending 
application provides one technique for providing such a 
switch including the use of a semiconductor carrier, chip 
or wafer and vertically erected optical mirrors or switch- 
es. In such an assembly, accuracy is of upmost impor- 
tance in reflecting the laser beam light from one fiber 
optic tine to another and along with that ease of assem- 
bly. 

OBJECT AND SUMMARY OF INVENTION 

[0003] It is a general object of the present invention 
to provide self-aligned electrical interconnect for two as- 
sembled perpendicular semiconductor chips. 
[0004] In accordance with the above object, there is 
provided a method of mounting at least one device sem- 
iconductor chip carrying an integrated circuit perpendic- 
ularly on a carrier semiconductor chip comprising the 
following steps: forming one or more slots in the carrier 
chip each with at least one notch having a predeter- 
mined width and a metal trace against the far wall of the 
notch; on the vertical device chip forming a matching 
metal trace of such width extending from the face of the 
device chip and connecting to the integrated circuit; 
placing the device chip in the slot of the carrier chip and 
fitting the extended metal trace into the notch for an 
alignment; and bonding the traces together to pull the 
device chip against a wall of the slot which contains the 
notch for fine alignment and electrical connection. 
[0005] A optical matrix switch structure is also provid- 
ed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] 

FIG. 1 is a perspective view of a simplified form of 
the assembly of the present invention. 
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FIG. 2 is a top view of FIG. 1 . 

FtG. 3 is an enlarged cross-sectional view taken 
substantially along the line 3-3 of FIG. 2. 

FIG. 4 is similar to FIG. 3 showing a step in the 
method of the present invention. 

FIG. 5 is a perspective view of an optical switch em- 
bodying the present invention. 

FIG. 6 is a flow chart of the method of the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

[0007] FIG. 5 illustrates a simplified optical matrix 
switch constructed in accordance with the present in- 
vention which is based on micro electromechanical sys- 
tems (MEMS) and which is also illustrated in the above 
co-pending application and operates from a switching 
standpoint in the same manner. Specifically, the switch 
includes a silicon or other semiconductive substrate wa- 
fer 10 on which is placed a matrix of cross-point mirror 
assemblies 11 which are located at all possible cross- 
points or intersections of a plurality of input information 
carrying light beams 1 2a - 1 2d and output beams 1 3a - 
13d. Typically, these would be fiber optic lines. From a 
switching standpoint, this is similar to a mechanical 
cross-bar switch where it is desired to allow any one se- 
lected input 12a - 1 2d to be connected to any one se- 
lected output 1 3a - 1 3d. Thus, the cross-point mirror as- 
semblies 11 which are located in every possible switch- 
ing junction include movable mirrors (as disclosed in the 
above co-pending application) having a first position 
where the mirror reflects a selected input beam to pro- 
vide a selected output beam and a second position 
where through transmission is allowed. The mirror as- 
semblies 11 are perpendicularly placed on the polished 
surface of the wafer 10. 

[0008] Thus, for example, in the case of the input 12a 
a beam 14 is reflected by a mirror 16 at a right angle 
and it continues on its path to the output 13b. It is obvi- 
ous that the alignment of the mirrors is very critical. Also, 
there is a necessity for electrical interconnection to pro- 
vide switching of the reflecting mirror surface from one 
position where through transmission of beam 14 is al- 
lowed to where the beam is intercepted and reflected. 
[0009] FIG. 1 illustrates one vertical mirror assembly 
11 which is perpendicular to the wafer 10. The mirror 
assembly 1 1 contains an integrated circuit 21 which may 
include the electrical mechanical mirror switching as in 
the above co-pending application. Thus, the mirror as- 
sembly 1 1 is a device semiconductor chip which may or 
may not have active devices on the chip but includes 
any type of device fabricated with an integrated circuit 
process including micro electromechanical system 
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(MEMS) devices. In any case, all of these devices re- 
quire electrical interconnection indicated by the pair of 
electrical lines 21 and 22 which must be connected to 
pads 23 and 24 on wafer 10. Wafer 10 has formed in it 
a slot 26 which has inserted in it the mirror assembly or 
device semiconductor chip 11. 

[0010] FIG. 2 shows this insertion more clearly. FIG. 
3 is an enlarged view of a portion of FIG. 2 showing the 
slot 26 which has a notch 27a in its far wall 28 having a 
predetermined width, W, and with a metal trace 29 which 
has been deposited on the far wall of the notch 29 and 
connects via the circuit trace 31 to pad 24. Such trace 
can be deposited by any convenient technique such as 
electroplating, sputtering or evaporation. Also, the metal 
used may be any suitable conductive metal such as 
nickel, copper, gold, silver or a gold tin amalgam de- 
pending on temperatures to which the integrated circuit 
or electromechanical circuit 21 may tolerate as will be 
discussed below. A similar metal trace 22, as shown In 
FIG. 3, is deposited on the mirror assembly 1 1 also hav- 
ing a width, W, which extends from the face of the mirror 
assembly 11 . Thus, when the mirror assembly 1 1 is in- 
serted into the slot 26, the metal trace 22 provides an 
alignment of mirror assembly 11 in slot 26. 
[0011] Next, the temperature is raised to the appro- 
priate temperature for a reflow to occur between the 
metal traces 22 and 29 which results in the final structure 
of FIG. 4 where the mirror assembly 1 1 is pulled against 
a wall 28 of the slot to finely align the mirror assembly 
1 1 with the wafer 1 0 and also provide an electrical con- 
nection. In a typical reflow process, the surface tension 
of the metal will pull the two metal traces together. Thus, 
for an alignment the accuracy may be 1 0 to 50 microns 
and in the fine alignment there is a 1 micron accuracy. 
The actual temperature used will vary with the metal 
used; for example, for nickel-based systems 400°C and 
for a gold tin mixture 200°C. 

[001 2] FIG. 6 shows the method of the present inven- 
tion in simplified process steps where in steps 31 slots 
are formed in the horizontal carrier chip and the metal 
traces formed in the notches. In step 32, the vertical de- 
vice chip or the mirror assembly 1 1 has formed on it the 
matching metal traces which extend from the face of the 
device chip. In step 33, the device chip is placed in the 
slot of the carrier chip and the notch provides for coarse 
alignment. Finally, in step 34 bonding by, for example, 
reflow pulls the device chip against the wall of the slot 
for fine alignment and electrical connection. 
[0013] Thus, in summary this present invention pro- 
vides for a self-alignment assembly of perpendicular 
chips along with an electrical interconnect. It has a pre- 
ferred application in an optical switch, although it may 
be used in other applications. 
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ductor chip carrying an integrated circuit perpendic- 
ularly on a carrier semiconductor chip comprising 
the following steps: 

forming one or more slots in said carrier chip 
each with at least one notch having a predeter- 
mined width and a metal trace against the far 
wall of the notch; 

on said device chip forming a matching metal 
trace of said width extending from the face of 
said device chip and connecting to said inte- 
grated circuit; 

placing said device chip in said slot of said car- 
rier chip and fitting said extended metal trace 
into said notch for an alignment; 
bonding said traces together to pull said device 
chip against a wall of said slot which contains 
said notch for fine alignment and electrical con- 
nection. 

A method as in claim 1 where said device chip in- 
cludes a movable mirror portion and is a matrix 
switching point of an optical switch. 

In an optical matrix switch having a plurality of 
cross-points for switching a plurality of information 
carrying light beams between any one of a plurality 
of input beams to any one of a plurality of output 
beams by choosing the appropriate cross-point of 
the matrix, 

each cross-point being a micro electrome- 
chanical (MEM) type mirror having a first position 
where said mirror reflects said selected input beam 
to provide a selected one output beam and a sec- 
ond position where it provides a through path for 
transmission of said light, 

i a carrier semiconductor chip for perpendicu- 
larly, relative to the surface of the chip, retaining 
said cross-point mirror said carrier chip having a 
plurality of slots, each with a notch having a prede- 
termined width and a metal trace against the far wall 
of the notch, each said perpendicular mirror being 
inserted in a slot and having a matching metal trace 
of said width extending from its face into said notch 
and bonded to said notch to pull said mirror against 
a wall of said slot whereby said mirror is finally 
aligned in said slot and an electrical connection is 
made. 
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1 . A method of mounting at least one device semicon- 



3 



8NSDOCID: <EP 1221428A2_I_> 



BNS page 3 



EP 1 221 428 A2 




FIG. 3 



EP 1 221 428 A2 




3NSD0CID: <EP 1221428A2 J_> 



tip 



EP 1 221 428 A2 





FORM SLOT(S) IN HORIZONTAL CARRIER CHIP 
WITH NOTCH AND METAL TRACES 










' ON A VERTICAL DEVICE CHIP FORMING MATCHING 
METAL TRACE HAVING SAME WIDTH AS NOTCH AND 
EXTENDING FROM FACE OF DEVICE CHIP 




■i 
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, PLACE DEVICE CHIP IN SLOT OF CARRIER CHIP 
FITTING EXTENDED METAL TRACE OF DEVICE 
CHIP INTO NOTCH FOR COARSE ALIGNMENT 






r 
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" BONDING BY REFLOW THE TRACES TOGETHER TO 
PULL DEVICE CHIP AGAINST WALL OF SLOT FOR FINE 
ALIGNMENT AND ELECTRICAL CONNECTION 



FIG. 6 
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